(4B AR ]
UTOR (1), (2) T&EZL.

(1) TROBR 1 GFRBICHEST, Ko RIZFEE I 2R TERD P ~LEHS
na. -

R 2, 122, p

LIT ki E R RERRROEEERY, B HMEEORERRT. XL, k

th &T5. |

(a) BUGHER ( IT LT, [R], 1], PIOBS RIS HER 2 TN ENEY.

O RLPOHHRERZNEN [Rlo,0,0 DX, [R]%+t OBKE LTEE.

© NATRTEZOND L %, Bl w L wiRlo, k, hEHEoTRE.
1] = aq exp(—kqt) + azexp(—k,t). .

(d) ©)TEZ DN BEREEZ D KIGRFH thx & b1, kb 2E->TRE.

@ Mickt LTERRIBACAEATE 3 L 2 ORE [N %, BEOBSEESR
A& HAWT + DRA%KE LTRYE. .

() MAMsr TEETE D720 DFME ZORE. £, && OREOYEGRER
FEARIC IR~ X : ) | |

(2)

(g) HBUIZ X » TEFHITHE S N/cmFI13, bR EDOks REFMERE R TE
ERRBICL ¥ 3. ERFNBBOAKE Z b, FRFNOBETRHESFMNY
DL D IBRESN TV HBEFAE L. B

(h) HBHERESFOEFRIBREDCHER () #8400 T, BHETFNE (&) 5 0.80
DEE, HRFM B IVERNEROFM m 2 FADEF 2HTTRD L.

(i) Xe & HCl DIREXEEHME L TER LI- B R XeCl* IZiE R 308 nm DY % %
T 5. XeCl OEFEERE - EFRHEREBOEXMLRRT v ViR E R X,
REZOREBBRBN L — P —RBRICE L TWB00, FOBEHAHEE L.



[Physical Chemistry: Standard ]

Answer problems (1) and (2).

(1) Product P is produced from reactant R via intermediate I according to the following consecutive

unimolecular reaction:

kl kz
R—I1I— P,

where & and 4; are the rate constants of the individual elementary steps. The squére brackets [ ]
indicate the concentrations of chemical species inside the brackets. Here assume ki # k.
(a) Express differential ré.te equations for [R], [I}, and [P], respectively, with respect to reaction time
L
(b) Express [R}] as a function of ¢ if the initial concentrations of R, I, and P are given by {R]}o, 0 ancf
0, respectively. -
(c) Express a1 and o in terms of [R]o, k1, and k2 by assuming [I] as follows:
fI] = a; exp(—kyt) + azexp(—k,t).
(d) Using [I] given in problem (c), find ¢ = fmax that maximizgé [T] in terms of &y and k.
(e) [I]st represents the concentration of I in the steady staté if the steady-state approximation is
applicable. Express [X]st as a function of ¢ using the differential rate equation in problem (a).

(f) List two conditions where [I] can be approximated to [I]sr. Briefly explain the physfcal meaning

of each condition.

(2) |

(g) A molecule excited into an electronically excited state by photoabsorption undergoes a number of
relaxation.processes including fluorescence. List two nonradiative transitions and explain how the
éxcited molecule is relaxed in these processes. - ‘

(h) A certain dye molecule has the lifetime of the electronically excited state (z) of 4.0 ns and the
fluorescence quantum yield (®f) of 0.80. Calculate the lifetimes of fluorescence (z¢) and
nonradiative transitions (z) to two significant figures.

(i) Excited complex XeCl* produced by the discharge of a gas mixture of Xe and HCI emits a 308
nm photon. Draw schematic potential curvés of XeCl in the electronically ground and excited

states and explain why this optical transition is suitable for laser emission.



